Methylcobalamin (methyl-B12) has been implicated in the biomethylation of the heavy metals (mercury, tin, platinum, gold, and thallium) as well as the metalloids (arsenic, selenium, tellurium and sulfur). In addition, methylcobalamin has been shown to react with lead, but the lead-alkyl product is unstable in water.
Introduction
In the late 1930's Challenger (1) demonstrated that the bread mold Scopuloriopsis brevicaulis was capable of synthesizing trimethylarsine from inorganic arsenic salts. This pioneering research was elegant in two respects: it represented the first example of methyl-transfer to a toxic element, and it demonstrated 14C methyl-transfer from 14C methyllabeled methionine to give us a classical example of how to use isotopes in experimental biology. In addition to testing arsenic, Challenger tested bread mold for the possible biomethylation of mercury but found no reaction (2) . The lack of detection of methylmercury was probably related to the sparcity of good analytical techniques for methylmercury at that time. Challenger concluded that the biomethylation of arsenic involved some "activated" methionine intermediate. The discovery of "activated" methionine in the form of S-adenosylmethionine (SAM) provides us with the biochemical basis for the synthesis of trimethylarsine. Clearly, methyl-transfer to arsenic must occur by nucleophilic attack, by some reduced arsenic species, on the carbon-sulfur bond of SAM. There- (2) residence times in various reservoirs; (3) bioaccumulation, both passive and active; (4) physical and chemical properties relating to dispersion (e.g., volatility, adsorption tendencies, dissociation-association reactions, formation of insoluble precipitates); (5) toxicity to aquatic organisms; (6) toxicity to man and other mammals; (7) long-term biological effects on ecosystem metabolism; and (8) transformation reactions by organisms. Jernelov's monograph examines selected toxic elements in detail. Table 1 classifies elements in terms of their relative toxicity and availability (9, 10 Toxic metals that form organometallic compounds, especially the metalalkyls (e.g., methylmercury), deserve special concern. Most metal alkyls are poisonous to the central nervous systems of higher organisms, and these compounds do accumulate in cells. Metal alkyls that are stable in water and can be synthesized include the following toxic elements: Hg, Sn, As, Se, Te, Pd, Pt, Au, TI, and Pb.
The general survey for the biomethylation of toxic elements presented above fails to deal with the problem of synergistic or antagonistic reactions which can occur in the presence of mixture of elements. Furthermore, the survey fails to deal with the importance of "oxidation state" of that element which is being biomethylated. A good example of the latter is presented in some of our stLdies with tin (11) .
Recently we have shown that stannic salts do not react with methyl-cobalamin directly, but stannous salts react slowly to give a methyl-stannic complex as the product. At first glance the reaction appeared to progress by oxidative addition. Schrauzer and Kratel (12) have prepared alkyl-tin-cobalt derivatives for cobaloximes. Patmore and Graham (13) have demonstrated tin insertion into the cobalt-carbon bond for alkyl-cobalt tetracarbonyl complexes, and so insertion into the Co-C bond of methyl-B12 seemed reasonable. However, a detailed study of the reaction between stannous chloride and methylcobalamin suggests that the role of stannous ion is to facilitate electrophilic attack by contaminating stannic ion. We have shown that the reaction rate is dependent on the concentration of Cl-, indicating the SnCI3 may have a labilizing effect by coordinating trans to the Co-C bond [Eqs. 
Reactions with Metalloids
Schrauzer has postulated that the coordination of thiols to methyl-cobalamin facilitates heterolytic cleavage of the Co-C bond by the following electrophiles: (1) H+ to give methane, (2) carbon dioxide to give acetic acid, (3) arsenic salts to give alkylarsenic compounds, and (4) selenium salts to give alkyl selenium compounds (7, 14 (6) mechanisms for the cobalamin-dependent biosyn- (6) thesis of methane, acetic acid, dimethylarsine, and dimethyl-selenide. Although this mechanism is very appealing, it is important to determine whether thiols coordinate to methylcobalamin. Several As 3& CH3AS+1 laboratories have reported on the interaction of thiols to both cobalamins and cobaloximes (5, 15 
Conclusions
In this communication we take all the available experimental data on the biomethylation of arsenic and we believe that the biomethylation of arsenic by methyl-B12 occurs in anaerobic ecosystems. The volatile species arsine, demethylarsine, and trimethylarsine, will be released into the aerobic environment at the sediment/water, water/air, or soil/air interface. These alkylated arsenic compounds are slowly oxidized in air and water to give steady state concentrations of methylated arsenic compounds of higher oxidation state. It is likely that cacodylic acid will represent the most abundant methylated arsenic compound present in both freshwater and sea water. Cacodylic acid should exist in a steady state concentration due to oxidative demethylation by aerobic bacteria. In addition methylarsenic compounds may be incorporated by biosynthesis into phospholipids which are found in most marine organisms (16) .
